INTRODUCTION
SRS and WVDP currently do not have the capability to size reduce, decontaminate, classify, and dispose of large, failed, highly contaminated equipment. Tanks Focus Area Task 777 (Remote Disassembly of HLW Melters and Other Processing Equipment) was developed to address this problem. Probably the most problematic pieces of High Level Waste (HLW) equipment to dispose of are the melters. They are large, heavy, complicated pieces of equipment that can contain a large amount of HLW glass (up to about 15,000 pounds for the DWPF melter). The current approach to dealing with the melter at the DWPF is long term storage in failed equipment storage vaults. While storage is acceptable in the short term, technology must be developed to properly dispose of these melters.
DEMONSTRATION OBJECTIVE
The first activity for Task 777 is to develop and demonstrate techniques suitable for removing the solid HLW glass from HLW melters. As part of this activity, techniques to dismantle some components of the melter will be tested as well. This experimental plan describes the work that will be performed for this glass removal demonstration.
BACKGROUND
As part of Task 777, the Oak Ridge National Laboratory 1 , West Valley Demonstration Project 2 , and the Savannah River Technology Center 3 have written several reports on the removal of glass from HLW melters as well as the dismantlement of these melters. After review of these reports and details of the DWPF Melter, the conclusion was made that removal of glass from a DWPF Melter with the lid still on would be quite difficult. This determination probably takes away the option of trying to repair a DPWF Melter that has failed (or is failing) from noble metals deposits. This conclusion is based on the fact that the two large nozzle openings (8-inch off-gas and backup off-gas nozzles) have the melter dome heaters located directly below them, thereby preventing the use of these two nozzles for glass removal access. The other melter top-head nozzles as fairly small as they have inner diameters less than 4 inches. These nozzles were deemed too small to use for access ports for glass removal. Another driver to remove the melter lid is that there should be a fairly significant buildup of deposits on the inside of the melter lid. These deposits should be removed as much as possible to allow the disposal of the melter as non-HLW or TRU. Therefore the current position of the TFA Task 777 Principle Investigator is that the most prudent glass removal technique of a failed melter is as follows:
• remove the melter lid • cut the dome heaters out • remove the melt pool glass • remove as much glass as possible from the surface of the K-3 glass contact refractory • remove as much of the deposits as possible from the melter lid • replace the melter lid and store the melter as non-HLW.
It is the current position of DWPF to remove as much glass as possible from the melter if there are signs that the melter is close to becoming inoperable for melter feeding and pouring. This was quite evident during DWPF Melter operational problems which occurred in July 2001 that were fortunately quickly resolved (a dummy Hanford connector dropped about 18 months ago was beginning to short a lower electrode bus bar). Plans were underway to pour as much glass out the melter via the riser/pour spout with higher than normal melter/pour spout differential pressures. This would have lowered the melt pool level to the top of the riser entrance and left less than 2 canisters worth of glass in the melter. The melter would have been further emptied via the melter drain valve, which if operating correctly would have left only a few inches of glass/spinels/noble metals on the bottom of the melter (approximately 400 to 800 pounds).
TEST STRATEGY
The following tasks are needed to remove glass from the melter via the lid removal strategy (see pages 19 and 20 of WSRC-TR-2001-00248
3 ) will be tested in a three staged approach:
• top lid bolt cutting • cutting and removal of dome heaters • removal of deposits from inside of melter lid • glass breakup/removal from melt pool • glass removal from K-3 refractory surfaces • K-3 refractory breakup (not needed for glass removal strategy but will be required if total melter dismantlement is performed in future -is not required for this demonstration).
Scoping Tests at HCET The first stage of testing will be scoping tests to be performed by Florida International University's (FIU) Hemispheric Center for Environmental Technology (HCET) with guidance from the SRTC TFA Task 777 Principle Investigator. ORNL and WVPD personnel involved with this TFA task may be present during these tests as well. The attached HCET proposal will be used to perform the test. Further test details are given in this proposal. Not all of the tasks to be tested in the other two stages will be tested by HCET. These scoping tests will be comprised of the testing of these three tasks:
• glass breakup (jack hammer/chisel, needle gun)
• glass removal from K-3 refractory surfaces (diamond wheel shaver, needle scaler, rotary tool with a face grinding wheel, and needle gun) • K-3 refractory breakup (jack hammer/chisel, rotary tool with face grinding wheel).
The tools tested will be hand tools. Adaptation to remote operations will be determined/ investigated in the next two test stages. After completion of the tests, HCET will write a report on the performance of the test, results, and recommendations. The report will be reviewed by the SRTC Task Principle Investigator as well as by WVDP and ORNL Robotics personnel per guidance from the Principle Investigator. 
NOTE:

Interface Testing
After completion of the HCET scoping tests, the Principle Investigator, with input from the appropriate WVDP, ORNL, and SRS personnel, will choose tools (possible tools noted in parentheses) to test for the following tasks as listed in the Test Strategy section of this experimental plan:
• top lid bolt cutting (rotary tool with face grinding wheel, plasma torch)
• cutting and removal of dome heaters (rotary tool with face grinding wheel, band saw, circular saw, heavy duty metal cutters, plasma torch) • removal of deposits from inside of melter lid (diamond wheel shaver, needle scaler, rotary tool with a face grinding wheel, needle gun) • glass breakup/removal from melt pool (jack hammer/chisel, needle gun) • glass removal from K-3 refractory surfaces (diamond wheel shaver, needle scaler, rotary tool with a face grinding wheel, needle gun) • K-3 refractory breakup (jack hammer/chisel, rotary tool with face grinding wheelnot needed for glass removal strategy chosen but will be required if total melter dismantlement is required in future).
Remote Demonstration After completion of the Interface Testing stage of the demonstration, a full or partial mockup of a DWPF Melter is needed to test the remote operation of the tools chosen from the first two stages. If possible, a pilot scale melter such as the Scale Glass Melter (SGM) could be used. The SGM is a non-radioactive 2/3 scale pilot DWPF melter. It has a 4-foot inner diameter with 8-inch thick K-3 refractory. It is the closest pilot scale melter to the DWPF Melter with regards to size, configuration, and materials of construction.
The SGM is currently being stored at DWPF and could be still operated as a research melter for DWPF or in support of other DOE sites such as INEEL or Hanford. Due to this possible future use, no destructive tests would be performed on it (cutting of dome/lid heaters, K-3 refractory breakup). The SGM would be an excellent melter to use as it has deposits on the melter lid refractory as well as the K-3 refractory. Remote removal of the melter lid could be tested as well. Below is a table that compares the dimensions and other features of the SGM and the DWPF Melter. 4, 5 Figures 1 and 2 give cross-sectional views of both of these melters. The SGM is an excellent candidate melter for this work. Therefore the SGM will be used unless other factors outside the control of the PI do not allow the melter to be used. The SGM had its top head components removed and most of the glass was emptied out of it via the bottom drain valve before it was shutdown in 1988. There is a thin layer of glass still on the melter floor. The melter frame footing is about 9 feet by 9 feet and the melter is about 15 feet tall on the frame. The frame is rated for 44,000 pounds. The following section gives further details on the Remote Testing stage of this demonstration. If deemed necessary, the SGM could be used in the future for a full dismantlement demonstration that is not currently funded for TFA Task 777. 
OVERALL REMOTE DEMONSTRATION STAGE REQUIRMENTS
As discussed before, the following tasks will be tested in the remote demonstration stage:
• top lid bolt cutting • cutting and removal of dome heaters • removal of deposits from inside of melter lid • glass breakup/removal from melt pool • glass removal from K-3 refractory surfaces • K-3 refractory breakup (not needed for glass removal strategy chosen but will be required if total melter dismantlement is performed in future -is not required for this demonstration).
The current plan is to use the Scale Glass Melter. Any tasks performed on the SGM must be done in a manner that leaves the melter in a post test condition so that it could be operated for future vitrification operation tests. Therefore the cutting and removal of the dome heaters and the K-3 refractory breakup could not be performed on the SGM. These tasks will be mocked up as described in the appropriate task description sections.
Overall Site Requirements
The test site should have a high bay area (at least 40 feet high) that allows for remote testing. The test floor space area should be at least 25 feet by 25 feet. A larger floor space would make the work easier. An overhead bridge is required with hoists with at least 5 ton lifting capability. A manipulator capable of performing the described work below is also needed. Additional systems such as a transporter with a telescoping mast could be useful as well. Utilities such as compressed air, electricity, water, and remote viewing capabilities are needed as well.
Demonstration Preparations
The following tasks are required before performing the remote demonstration:
• approval of this demonstration plan Documentation of the testing will be via pictures, video recording, and logging of results in the designated task notebook provided by the PI. Normally the PI or his designee will enter this information into the task notebook. Test observations such as ease of performance of task, time needed to perform task, equipment problems, wear of equipment (blades, etc), unexpected problems, etc will be noted in the designated task notebook. Pictures and video should be digital for ease of transmittal and for use in the demonstration report. Pictures and video will be provided in a timely manner to the PI. Decisions made between the PI and test site personnel should be documented in the designated task notebook.
During the remote demonstration (and if possible during the Scoping and Interface Testing stages) the following additional data should be taken (when appropriate) for the tools tested:
• airborne particulate generation (concern is for plugging HEPA filters in facility that glass removal from radioactive melters is actually performed) • live and dead loads that tools put on manipulators • if possible, determine the amplitude of vibrations that the tooling causes
REMOTE DEMONSTRATION STAGE REQUIRMENTS PER TASK
Below are the details of the various glass removal tasks. Unless otherwise stated, these tasks are to be performed remotely on the Scale Glass Melter or the to-be-determined DWPF Melter mockup. These tasks should be performed in the order that they are listed to better simulate remote glass removal from a DWPF Melter.
1) Top Lid Bolt Cutting
The lid bolts on the SGM, unlike those on the DWPF Melter, are not tack-welded in place. The same type of techniques (grinding or cutting) will be required. The most likely tools to be tested are a rotary tool with a face grinding wheel or a plasma torch. Care must be taken as to not to damage the lid or melter shell beyond the point that it could be reused for vitrification tests. Not all of the bolts will be remotely removed. After a sufficient number of bolt cutting tests has been performed (probably eight or less), the remaining bolts will be removed manually. Bolts at different positions should be removed with the various techniques to determine if there are any problems with regards to orientation.
Note:
Although not specified as a task, the remote removal of the melter lid shall be attempted. The lid, which was not designed for remote removal/handling, has no lifting eyes or lugs. An approach for lifting the lid should be devised and tested at this point. There is the possibility that the lid refractories were removed when the SGM was shut down and inspected in the late 1980's.
2) Cutting and Removal of Dome (Lid) Heaters The 3.25 inch outer diameter Inconel 690 dome heaters in the SGM cannot be cut, as the melter may be needed for possible future vitrification work. Therefore the dome heaters will be manually removed and a replacement bar of Inconel 690 will be manually installed. Due to the need for three-inch Inconel 690 bar by DWPF for pour spout insert fabrication, a two-inch bar may be used. If Inconel 690 bar is not available, a bar of another metallic composition as chosen by the PI may be installed, cut, and removed. The most likely tools to be tested are a rotary tool with a face grinding wheel, band saw, circular saw, heavy-duty metal cutters, or a plasma torch. A device to hold the bar during cutting will be needed to prevent it from falling into the melter. The cutting should be done as close as possible to the inside melter wall to allow the greatest amount of access to the glass inside of the melter.
3) Removal of Deposits from Inside of Melter Lid As stated before, there is a chance that the melter lid refractories were removed when SGM was shutdown in the late 1980's. If the refractories are still there, the lid will have to be flipped and tools such as a diamond wheel shaver, needle scaler, a rotary tool with a face grinding wheel, or a needle gun will be tested remotely. If the lid refractory is missing, this task can be performed on the Mullfrax 202 refractory located in the SGM above the melt line.
The tool used should be able to just clean the deposits on the surface of the refractory without taking out much of the refractory itself. Care will need to be taken to not damage the refractory so that the melter cannot be reused for vitrification work in the future.
4) Glass Breakup /Removal from the Melt Pool
The SGM was drained before being shut down so there is only a thin layer of glass on the bottom of the melter. To perform this task a shallow pan that has a diameter that is slightly less than the inner diameter of the melter will be filled with glass and lowered into the melter. If possible, glass could be filled directly into the melter to be broken up. The pan will have to be held in place so that it does not move during the glass breakup work.
The candidate tools for this remote work will probably be a type of jack hammer/chisel or a needle gun. Glass is fairly strong in compression and therefore the forces needed to breakup the glass may be high. Once a break in the glass is formed the work should be easier. After sufficient testing has been performed, techniques to remotely pick up the glass be tested as well. These techniques may include vacuums and a modified grapple. After this work, the glass pan (if used) will be removed. If there is sufficient glass on the melter floor from the melter draining, then some additional testing of glass breakup on this material should be performed as well. If this is done, care should be taken to not damage the K-3 floor refractory.
5) Glass Removal from K-3 Refractory Surfaces
There is a thin layer of glass on the K-3 refractory that was in contact with the melt pool. The candidate tools for this remote work will be a diamond wheel shaver, needle scaler, rotary tool with a face grinding wheel, or a needle gun. Care must be taken as to not damage the refractory past the point where the melter can be used for possible future vitrification work. After sufficient testing has been performed, it is suggested that techniques to remotely pick up the glass be tested as well.
6) K-3 Refractory Breakup
The K-3 refractory in the SGM cannot be broken up. K-3 pieces will be supplied by the PI or bought by the test site to perform remote breakup testing. The candidate tools are a jack hammer/chisel or a rotary tool with a face grinding wheel. The refractory will be held in place by some means for one series of testing and then attempts will be made to breakup refractory that is not held in place.
7) Other Tasks
Additional tasks can be demonstrated as deemed appropriate (by the PI and the test site) and within schedule and budgetary constraints. After completion of the demonstration, the SGM dome heaters will be replaced, the melter lid put back on the melter, and the lid then bolted in place.
CONDUCT OF RESEARCH
The work performed under this plan is to be considered scoping in nature (per SRTC Manual L1 -Procedure 7.10 "Control of Technical Work") and therefore the only required quality assurance documentation are an experimental plan and a notebook to record the work performed.
The test site will have designated point(s) of contact that the PI will correspond with during the planning and performance parts of all three stages of the demonstration. Additional records such as drawings of test equipment, documented agreements on changes to this experimental plan, and other information will be kept as well and will be turned over to the PI by the end of the demonstration.
Safety and Industrial Hygiene guidelines from the test sites performing the work will be followed.
